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THE BACTERIOLOGICAL DIAGNOSIS OF CHOLERA. 

A EBPOET PRESENTED TO THE PERMANENT COMMITTEE OF THE 
INTERNATIONAL OFFICE OF PUBLIC HYGIENE IN THE NAME OF A 
COMMISSION COMPOSED OF: MESSRS. RUFFER, president; CAL- 
METTE, GAFFKY, GEDDINGS, MURIIJjO, PRAUM, AND POTTEVIN, 
reporter. 

Translated from the French by H. D. Geddings, Surgeon, Public Health and Marine- 
Hospital Service, and American delegate on the permanent committee of the Inter- 
national Office of Public Hygiene. 1 

CONCLUSIONS. 

The methods applicable at the present time to the investigation and 
identification of the cholera vibrio permit the skilled bacteriologist to 
positively assert a diagnosis of cholera under conditions of sufficient 
certainty for the needs of prophylaxis. 

Practically the rule may be adopted to consider as truly choleraic 
every choleriform vibrio in which one or the other of the two follow- 
ing characteristics is recognized : 

1. Agglutination in the proportion of 1 to 1,000 at least, by a cholera 
serum, the activity of which is 1 to 4,000 or more. 

2. Positive Pfeiffer reaction. 

Every choleriform affection presenting symptoms of gastro-enteritis 
in which is encountered a vibrio answering to this definition, should 
hence be considered as a case of cholera. 

When it is a question of first suspicious cases appearing in a country 
heretofore free of cholera, it is indicated to prove the vibrios by one 
or the other of the two reactions above given. 

If in a locality there appear repeated attacks of a disease presenting 
the clinical symptoms and anatomo-pathologic lesions of cholera and 
the bacteriological examination reveals in the feces of the patients and 
in the intestinal contents of cadavers a choleriform, vibrionic flora, 
even if the vibrios isolated are not agglutinable in the proportion of 
1 to 1,000 and do not give the Pfeiffer reaction, it is indicated in these 
exceptional conditions to repeat the bacteriological examinations 
until all doubt is removed. 

The proof of the existence of the cholera vibrio in persons present- 
ing no clinical signs or anatomo-pathologic lesions does not necessi- 
tate a declaration of the existence of cholera. 

i The International Office of Public Health was established as the result of an agreement between the 
countries signatory to the arrangement signed at Rome, Dec. 9, 1907. The work of the office was placed 
under the authority and control of an international committee composed of technical representatives desig- 
nated by the participating countries, one representative for each country. The commitjtea assembled for 
the first time at Paris, Nov. 4, 1908. The members of the committee keep in touch with the office at 
all times, in order that they may be able to decide intelligently the questions which may from time to 
time arise. 
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Bacteriology has not at its disposal at the present time any reac- 
tions permitting the establishment in a definite, practical manner of 
the differentiations between various cholera vibrios. 

It would be neither possible nor desirable to fix a technique limited 
by strict rules for the various operations of bacteriological examina- 
tions, but the following general indications may be recommended as 
permitting in the great majority of cases a positive diagnosis within 24 
to 36 hours : 

1. When mucous flakes are available for examination a microscop- 
ical investigation of the same, in stained preparations and in the 
hanging drop. 

2. The isolation of the vibrios, employing for the purpose agar 
media, at a temperature of 37° C. 

(a) Plant plates of ordinary suitably alkalinized agar and of Dieu- 
donne^s medium, using for the latter a risiform particle, or an equiva- 
lent quantity of feces. 

(b) Plantln 50c.c. of peptone solution 1 c. c. of fecal matter. After 
a stay of six hours in the incubator (or 12 to 18 hours if need be), at 
37° C. take several loopsful from the surface and plant with them 
several plates of Dieudonne" medium and ordinary agar. 

(c) Investigate the agglutination reaction, using drops for the pur- 
pose, from the isolated colonies, the properties belonging to cholera 
vibrios, and secure pure cultures. 

3. Demonstrate tne character of the vibrios obtained in pure cul- 
ture, by the reaction of agglutination or that of Pfeiffer. 

The conditions are much more favorable to the discovery of vibrios 
if pathological materials (feces or intestinal contents) are collected 
as early in the attack as possible, or secured from the cadaver as early 
as possible after death. Examinations made of the small quantity 
of material collected by a sound introduced into the rectum, in the 
living body, or from the cadaver are unreliable. It is sometimes 
possible to recognize that a person even in good health has undergone 
an attack of cholera by determining whether his blood serum gives 
with a genuine cholera vibrio the immunity reactions, viz, agglutina- 
tion or the reaction of Pfeiffer. 

(The above conclusions were unanimously adopted by the commission. 
At the meeting of October 9, 1911, the permanent committee likewise 
adopted them unanimously.) 

DISCUSSION AND HISTORICAL REVIEW. 

The bacteriological diagnosis of cholera is established by the finding 
of the specific vibrio, discovered by R. Koch, in the suspected products 
(feces, intestinal contents, sometimes vomited matter). To be jus- 
tified in pronouncing a positive diagnosis, the vibrio must have been 
isolated, obtained in pure culture, and recognized by its reactions. 

We may recognize an attack of cholera by those reactions which the 
blood of the patient gives with the specific vibrio. But the property of 
giving these reactions, besides being inconstant, only appears slowly , 
while on the contrary it persists for quite a long time after cure, and 
often permits the establishment of a retrospective diagnosis. 



373 March 15, 1012 

I. 

When cholera shows itself with its classical gastro-intestinal syn- 
drome, the rice-water stools of the acute period represent very fre- 
quently cultures pure, or almost so, of the vibrio of Koch. It is 
specially abundant in the desquamated masses of cells which consti- 
tute the so-called "grains of rice." 

If the disease is prolonged, in proportion as the acute stage is left 
behind, the ordinary bacteria of the intestine appear, and predominate 
more and more in the feces, as well as in the intestinal contents. In 
benign or atypical cases, among bacillus carriers, healthy or convales- 
cent from cholera, the vibrios may be very scarce, and represent some- 
times a few individual organisms, nested in the mass of bacteria which 
constitute the intestinal flora. Their discovery is then very delicate, 
and demands all the competence of the skilled bacteriologist. 

At the necropsy of subjects dead during the acute period the vibrio 
is met with in abundance in the contents of the small intestine, 
principally in the layer of flaky mucus, formed of desquamated epi- 
thelial cells, which coats the surface of the intestine. It may pene- 
trate into the intestinal walls and invade the cells of the villi and 
tubular glands, or even reach the superficial layers of the lymphatic 
follicles. It is not to be found in the other organs or in the blood. 

According to observations recently made in man, and in cases of 
experimental cholera in the young rabbit, the vibrio may invade the 
biliary passages. Its persistence in these organs may be the origin 
of the prolonged excretions which are sometimes noted among 
bacillus carriers. 

Microscopical examination of pathological products may often fur- 
nish in a few moments very useful indications (1) :* 

Diluting a little of the product to be examined in a drop of sterile 
water or bouillon and examining between slide and cover glass, pref- 
erably with ultra-microscopic illumination, the vibrios may be dis- 
cerned and recognized by the peculiar liveliness of their movements. 
Colored preparations, made in the beginning from flakes of mucus, 
often preserve a characteristic appearance, to the importance of 
which Koch drew particular attention : 

According to the gravity of the case and the stage of the disease, the choleraic bac- 
teria are met in preparations of this sort, perhaps in absolutely pure or nearly pure 
culture, perhaps mixed with ordinary intestinal bacteria, principally the Bacterium 
colt, in all possible proportions up to those in which, microscopically, the presence of 
curved rods can no longer be revealed. 

If one has to do with a pure culture of cholera bacilli, or if the latter are accompanied 
only by the Bacterium coli but are themselves in superior number, then the cholera 
bacilli are as a general rule grouped in the places where they have been deposited in 
filaments from the mucus, in groups of a characteristic form. In fact they con- 
stantly constitute little masses, in which all the bacilli have uniformly the same 
direction, so that one might believe that he was looking at a troop of these bacilli 
following each other in files, like fish in still water. If in preparations the character- 
istic groupings are wanting, but if, however, the vibrios appear in culture, pure or 
nearly so, it may be considered as extremely probable that one is dealing with a case 
of cholera (2). 

In 1905 the Institute for Infectious Diseases in Berlin examined 
2,565 samples of suspected pathological products, with 251 positive 
results. In 33 cases (13 loops of intestine and 20 specimens of stools) 

i For explanatory notes to which the numbers in parenthesis refer, see end of report. 
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the microscopic examination alone led to a positive diagnosis. This 
was confirmed 30 times by subsequent investigations. Twice the 
vibrios isolated showed themselves nonagglutinable, and once it was 
impossible to obtain a culture of the vibrios which had been shown in 
the preparation. 

It is only in those cases where the vibrios are very abundant in the 
products submitted to examination, that direct planting upon solid 
media renders it possible to obtain at the first stroke pure and isolated 
colonies. As a general rule it is necessary to have recourse to pre- 
liminary cultures of enrichment, and these ought to be put in course 
of preparation, systematically and at the beginning of each research (3) . 

It is sufficient generally to plant in peptone solution about 1 cubic 
centimeter of fecal matter. But as it may happen that a trial made 
under these conditions remains negative, vibrios may still be isolated 
when a larger quantity is used ; 5 cubic centimeters, for example. 

In some cases, however, a positive result can not be obtained except 
by making the experiment upon much larger quantities. Gaffky 
relates that in six researches made upon materials collected at nec- 
ropsy examinations made according to the ordinary methods having 
remained negative, in four instances he succeeded in isolating the 
cholera vibrio by planting the entire contents of a loop of intestine in 
a liter of peptone water. 

For a long time gelatine media were the most used for the isolation 
of cholera vibrios, starting from the original material or from enrich- 
ment cultures in peptone water. Hence, specially for the reason of 
the typical appearance which in general surrounds colonies of cholera 
vibrios in such media, they have been considered as constituting an 
important diagnostic element (4) . 

Gelatin plates had also another interest. R. Koch had defined 
cholera as "a state peculiar to man in which the intestine contains 
vibrios, cultivable in 10 per cent nutrient gelatin, and producing 
therein a moderate liquefaction," and it is certain that no other 
human disease is known, producing feces the planting of which 
upon gelatin plates gives rise to such a development of liquefying 
colonies. The acute gastro-enterites due to paratyphoid infections, 
or to food poisonings, which are the most frequent among those 
simulating the choleraic syndrome, subjected to bacteriological 
test, deport themselves in an entirely different fashion. 

To-day the elements of diagnosis, drawn from the more or less 
characteristic appearance of plates or colonies, have only a quite 
secondary value compared with the precise and certain indications 
furnished, by immunity reactions. Gelatin media have no other 
interest, therefore, than permitting a practical separation of vibri- 
onic colonies. From this point of view they are inferior to agar- 
agar media, with which operations made at 37° C. furnish equally 
good results in a much shorter time. 1 

1 For all operations relating to the bacteriologic diagnosis of cholera it is indicated to use an agar-agar 
of an alkaline reaction. A very convenient degree of alkalinity is obtained by adding to each 100 c. c. 
of medium, neutral to litmus, 3 c. c. of a 10 per cent solution of sodium carbonate. 

The colonies of the cholera vibrio upon ordinary agar-agar are less characteristic than those upon gela- 
tin; nevertheless a practiced eye can often recognize them in the midst of colonies belonging to the common 
bacteria of feces. They form upon the surface of the agar flat disks, transparent, and of a grayish blue 
color, while the others are globular and opaque. They can be made use of at the end of six to eight 
hours in the incubator at 37° C. The plantings ought to be made in streaks, or by flooding the surface of 
the solidified medium. 
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In order to render the research of vibrionic colonies upon plates 
easier, by eliminating as far as possible the common species, various 
elective media have been proposed. 

In a series of publications the first of which goes back to 1893, 
Deycke had attempted to have adopted a medium elective for cholera, 
the principle of which was the employment of an alkaline solution 
of gelatin, with the addition of 0.75 per cent of soda; but its use 
never became general. In 1909 Dieudonne" published the formula 
of a new medium, which had more success, and which has been found 
to have added a real perfection to the methods employed in the search 
for vibrios (5). 

The medium of Dieudonne" has been largely used in the course of 
cholera epidemics in 1910, notably in Italy. This is the opinion 
expressed by Gosio in a communication to the Academy of Medicine 
of Rome upon the value and the conditions of its use: 

The total number of researches made upon feces coming from cholera patients, from 
suspects, from convalescents, and from persons simply exposed to the contagion, 
amounts to several thousands. The results have shown in an incontestable manner 
the advantages of the method. 

From the point of view of prognosis of cases, it has been possible to distinguish, 
according to whether the vibrios are few or numerous. 

When the vibrios are abundant, as is the case with cholera feces, colonies planted 
directly upon the blood agar, with one loopful per plate, were already visible to the 
naked eye and could be used for specimen plantings at the end of 6 to 8 hours. In 
favorable cases, in less than 12 hours, the vibrio of cholera could be isolated and iden- 
tified by agglutination. 

There exist microorganisms which develop upon the Dieudonne medium as well 
as the cholera vibrios. Such were certain specimens of colon, certain cocci and cocco- 
bacilli, and at Barletta, toward the end of the epidemic, a small diplobacillus became 
exceedingly common on the plates. 

When the vibrios are few in number, as happens among convalescents and bacillus 
carriers, direct planting (feces to plates) is not to be recommended, as giving in every 
case less constant results. It is better in these cases to make a preliminary enrich- 
ment culture in peptone water, and to practice subsequently the separation upon the 
blood agar, which thus preserves all of its advantages. 

Crendiropoulo and Madame Panayotatou endeavored to find a 
medium which would permit the elimination of the B. pyocyaneus, 
which in the course of the cholera epidemic of 1902 had shown itself 
particularly annoying in the researches for vibrios, to which it added 
sometimes insurmountable difficulties. They succeeded in making 
one upon which the pyocyaneus had scarcely commenced to grow 
at the end of 36 hours, while the vibrios gave useful colonies in 18 
hours (6). 

Up to the last few years, apart from the characteristics already 
mentioned as to morphology and appearance of cultures on gelatine 
and agar, the production of indol and the action of cultures upon 
laboratory animals were considered as indispensable to a diag- 
nosis (7). 

It used to be held that the property of giving the indol reaction 
belonged to all species of cholera vibrios. This rule may be regarded 
to-day as very general, though not absolute. There are exceptions. 
Thus, for example, the observations collected at St. Petersburg in 
1908-9 show that of 588 specimens of specific vibrios of human origin, 
and proved as such by the immunity reactions, 55, or very nearly 10 
per cent, did not give the reaction. Among the vibrios originating in 
waters, the proportion of nonreacting rose to 20 per cent. 
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It was also considered as an important character of the cholera 
vibrio to possess a strong virulence for the guinea pig, by intraperi- 
toneal injection. It is known to-day that some vibrios, which by 
their origin as well as by their immunity reactions are to be regarded 
as those of true cholera, are almost completely inactive, while vibrios, 
positively noncholeraic, on the contrary, show themselves extremely 
virulent. 

A number of vibrios are pathogenic for pigeons on deep intra- 
muscular injection, while this property is generally wanting in vibrios 
isolated from choleraic stools. This is a negative characteristic 
which merits to be held in mind. 

Experimentation by the mouth upon the spermophile or the young 
rabbit, which are susceptible to contracting an infection very similar 
to human cholera, is not a procedure generally practicable in current 
research. Moreover, the indications furnished have not as precise 
a significance as might a priori be assumed. The fact that a microbial 
culture may produce a choleriform infection in the spermophile or 
the young rabbit is not to be interpreted per se as meaning that it can 
give rise to an epidemic of human cholera. To justify such a con- 
clusion there should be an aggregation of facts, epidemiologic and 
experimental, to show that such infections can not result from the 
absorption of common organisms. Now, these facts do not at present 
exist in science. The results obtained by Metchnikoff with the vibrios 
of Versailles, of which later mention will be made, are in favor of a 
contrary opinion. 

From all that has been previously said it may be concluded that 
morphological characteristics, cultural peculiarities, and facts drawn 
from the action upon laboratory animals, do not furnish the means of 
certainly defining the cholera vibrio. None of them in fact is fixed 
and pathognomonic. Moreover, there have been isolated from many 
media, notably waters, very many vibrionic species which can not be 
distinguished from those isolated from cholera intestines, and which 
yet can not in view of their frequency of occurrence be considered as 
on any account capable of producing cholera. 

These uncertainties of diagnosis which have been revealed by sci- 
ence, and the specificity of the Koch vibrio and epidemiologic facts, 
such as the existence of healthy bacillus carriers, the most modern 
researches only have been able to confirm. All this simply means 
that the chances of error of which it is necessary to take account, are 
not as great as might be believed, and are no greater than can be in a 
large measure corrected by the skill of the bacteriologist and his highly 
specialized competence. 

The question of the identification of the cholera vibrio has entered 
upon a new phase with the introduction into bacteriological technique 
of the immunity reactions, as a consequence of the labors of Pfeiffer 
and Isaief , of Gruber and Durham, and of Bordet. 

The serum of an animal immunized against a vibrio exercises upon- 
this vibrio a specific action, which is manifested when it is added to a 
vibrionic emulsion, by the immobilization of the microbes; their 
agglutination into large flakes, leaving a clear liquid; and finally by 
the disintegration (bacteriolysis) of their cells, which are partially 
dissolved, and of which only spherical granules remain. 

The specific activity of a serum may be quantitatively expressed 
by the extent of the dilution in which it is capable of producing the 
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phenomena of agglutination and bacteriolysis, under given conditions 
and in a given time. 

The first experiments made, notably by Dunbar, in order to deter- 
mine whether the manner in which it acted in the presence of the 
serum of an animal immunized with a cholera vibrio would give a 
diagnostic point useful in the identification of a suspected vibrio, had 
already given positive results. But it was the fundamental work pub- 
lished in 1903 by Kolle and Gotschlich, with the collaboration of 
Hetsch, Lentz, and Otto, which definitely established the high practical 
value of the bacteriolysis (reaction of Pfeiffer) and agglutination, for 
the bacteriological diagnosis of cholera (8). 

The work of Kolle and E. Gotschlich was carried out on 87 species 
of vibrios; 77 had been isolated by Gotschlich at Alexandria during 
the epidemic of 1902, from patients or suspects; 4 were well known 
species of Koch vibrios, which by reason of their origin and their 
characteristics must be considered as truly choleraic; 1 in particular 
(vib. Pfeiffer) had produced an accidental choleraic infection, abso- 
lutely typical and very severe; 2 were paracholeraic, well known (vib. 
Metchnikkovi and vib. Nordhqfen) . 

Agglutination experiments with the serum of rabbits, normal or 
immunized with the vibrio of Pfeiffer gave the following results : 

Normal serum only produced agglutination in very large doses, 
which were practically the same for all vibrios. 

Immune serum permitted the classification of vibrios into two dis- 
tinct groups, comprising: 

Group A. — Vibrios which were only agglutinated by doses of the 
serum such as it was necessary to employ when operating with the 
normal serum (1-20 to 1-50). None of them gave the reaction of 
Pfeiffer. Some of them presented the general characters of the 
vibrio of Koch; others differed from it clearly. Several were poly ci- 
liated. 

Group B. — Vibrios agglutinable by very weak doses of serum 
(1-1 ,000 to 1-20,000) . All the vibrios of this group, which comprised 
four species considered as choleraic, presented the characters of the 
vibrio of Koch, and were monociliated. All of these for which 
the Pfeiffer reaction was tried reacted positively. 

Agglutination experiments, controlled, made by trying against all 
vibrios, the serum of rabbits vaccinated with one of them, led to the 
conclusion that when the immunizing vibrio was one of group A, the 
agglutinating power was evident with that microbe alone, or excep- 
tionally with one or two others. For the serums prepared with 
vibrios of group B the agglutinating power was not sensibly displayed 
against those of group A, but in group B there was no difference to be 
noted between the immunizing vibrio and the others; the power was 
manifested against all in the same dilutions. 
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These facts are clearly shown in the tables below given: 

Table I. — Maximum agglutinating power for the normal serum of various species oj 
animals against the vibrios of groups A and B, the immunization being made in all 
cases with the v. Pfeiffer. 





Goat. 


Ass. 


Horse. 


Babbit. 


Ox. 




N. S. 


I. S. 


N. S. 


I. S. 


N.S. 


I. S. 1 N.S. 

1 


I.S. 


N.S. 


I.S. 


Group A 

Group B 


200 
50 


200 50 
2,000 1 20 

• 


.100 
5,000 


200 200 
200 2,000 


50 

20 


50 
20,000 


50 
50 


(?) 
(?) 



N. S.=Normal serum. I. S.— Immune serum. 



Table II. — Agglutinative power of immune serums from rabbits immunized with one 
of the vibrios of group B in the presence of various vibrios of the same group. 



Number of 
vibrios used 


Numbers of vibrios subjected to agglutination test. 


in immuni- 
zation of 
animals. 


I 


II 


VI 


VII 


XI 


I 
XII | XIX 


XXII 


XXVI 


XXVII 


XXIX 


I 


5,000 
5,000 

10,000 

10,000 
5,000 

20,080 
2,000 
5,000 
5,000 

10,000 
5,000 


20,000 
20,000 
20,000 
20,000 
20,000 
20,000 
10,000 
20,000 
20,000 
20,000 
10,000 


1,000 
1,000 
2,000 
5,000 
5,000 
10,000 
1,000 
5,000 
5,000 
1,000 
2,000 


1,000 
1,000 
2,000 
2,000 
2,000 
10,000 
1,000 
2,000 
1,000 
1,000 
2,000 


1,000 
1,000 
5,000 
2,000 
2,000 
5,000 
2,000 
5,000 
2,000 
2,000 
2,000 


1,000 
1,000 
2,000 
1,000 
2,000 
2,000 
2,000 
2,000 
1,000 
2,000 
2,000 


1,000 
1,000 
5,000 
1,000 
5,000 
5,000 
1,000 
2,000 
2,000 
2,000 
2,000 


1,000 
1,000 
2,000 
1,000 
10,000 
2,000 
2,000 
2,000 
1,000 
1,000 
2,000 


1,000 
2,000 
5,000 
2,000 


1,000 
1,000 
5,000 

a. ooo 


2,000 


II 


1,000 


VI 


2,000 


vn 


5,000 


XI 


5,000 5.000 


5,000 


XII 

XIX 

XXII 
XXVI 
XXVII 
XXIX 


20,000 
2,000 
2,000 
2,000 
2,000 
2,000 


20,000 
1,000 
2,000 
2,000 
2,000 
2,000 


20,000 
1,000 
2,000 
2,000 
2,000 
5.000 



One would therefore be constrained to think that the organisms of 
group B constitute one and the same species, viz, the cholera vibrio 
the others representing distinct species without any relation to it. 

This conception has been taken as a base for the bacteriologic diag- 
nosis of cholera, not only by laboratories of scientific research, but also 
in the regulations established by sanitary administrations. Innu- 
merable observations collected in the past eight years have estab- 
lished in the, most absolute manner its high practical value. 

It has therefore been established on the one hand that the indica- 
tions furnished by the two reactions of agglutination and bacteriolysis 
are always in perfect concordance ; on the other hand, that every one 
of the vibrios which react positively in the presence of a cholera 
serum, when used for the immunization of animals, gives a serum 
active for all the others, and for these alone. These facts which apply 
to thousands of vibrios isolated from positive cases of cholera, under 
the most varied conditions of time and place, are thus very much in 
favor of a characteristic, specific unity to be attributed to the entire 
group of vibrios which give the positive reaction. 

In the case of characteristically clinical cholera, happening in the 
midst of epidemics, vibrios of positive reaction are, so to speak, never 
wanting. Where in the case of repeated analyses, carried out on patho- 
logical material of the acute period, they have not been found it is to 
be considered that their number does not exceed the total of failures 
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which must be counted on, with even the very surest methods of 
bacteriological research. 

Among healthy individuals vibrios with positive reactions are 
encountered, especially in the vicinity of cholera patients. Outside 
of such conditions they are found more rarely in proportion as the 
researches are made upon individuals among whom the chances of 
specific infection are more uncertain. 1 

As to media outside of the human body, vibrios of positive reaction 
have hardly ever been found save under conditions where soiling by 
choleraic products was, if not evident, at least possible. 

Although everybody is in accord in recognizing the diagnostic value 
of the immunity reactions, especially that of agglutination, which by 
reason of its ease of execution is generally employed, this standard 
has not been everywhere adopted as regards the interpretation of the 
results of experiments. 

The German regulations of 1907 specify that the agglutination 
should be considered as positive and should be regarded as showing 
the culture to be truly choleraic when a clear agglutination is pro- 
duced in .dilutions corresponding to the limit of power of the immune 
serum employed. 

The instructions of the Italian Government consider as choleraic 
every vibrio which is proved to be agglutinable in a dilution corre- 
sponding to the maximum power of the serum. 

In France the instructions addressed to the laboratories charged 
with the examination of suspected material in 1910 directed that a 
vibrio should be considered as choleraic which was agglutinated by a 
serum in a dilution of 1-2,000, the power of which was in the propor- 
tion of 1-4,000, or thereabouts. 

It would be profitable to eliminate the differences, and to settle 
upon a basis of interpretation which would be acceptable to all. 

Any rule which has for its end to regard as conclusive only those 
agglutinations produced in dilutions corresponding to the extreme 
power of the serums appears to us to be too delicate. 

Table II shows that in the experiments of Kolle and Gotschlich 
the vibrios of group B presented very variable agglutinabilities in the 
presence of the same immune serum, and that the most agglutinable 
were not necessarily the homologous vibrio. 

The order in which they might be classified in the order of their 
increasing sensitiveness does not always remain the same when the 
serum used in the experiment varies. 



i The following figures are given for the sake of example: 

(a) At St. Petersburg, from Deo. 4, 1908, to Deo. 4, 1909, there was examined the fecal matter of 9,357 indi- 
viduals isolated on account of the appearance of cholera in the apartment in which they dwelt; 677 were 
found to be carriers of the specific vibrio. From Dec. 4, 1909, to Dec. 2, 1910, out of 3,173 persons examined , 
and who had been exposed to the infection in proximity to choleraic patients, there were found: 



Number of 

persons 
examined. 



Total 

number of 

bacillus 

carriers. 



Percentage 
of carriers. 



Adults 

Children, 1 to 15 years 
Children under 1 year. 



2,368 
720 

85 



157 
71 
17 



6.6 
9.8 
20.0 



(6) The systematic examinations practiced in Germany in 1910 at the frontier upon all boatmen coming 
from Russia revealed only 3 carriers of bacilli among more than 5,000 individuals. 

At Naples in 1910 examinations were made of the feces of all emigrants embarking for America who came 
from infected communes. Out of about 2,000 individuals, 12 carriers of specific vibrios were discovered. 
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Under these conditions it is obvious that the determination of the 
extreme power of a serum is found to be dependent upon the choice 
which may be made of the vibrio chosen for the experiment, and a 
source of error may result in the diagnoses to be subsequently made 
with this serum. 

If serum XII is taken as an example : In testing it with the cultures 
I, II, XXVI, XXIX, and applying at the end with rigor the rule of 
the extreme of power, it woula be found that it would lead to con- 
sidering as noncholeraic a number of vibrios given in the table, and 
especially the very vibrio which was used in the preparation of the 
serum. 

Moreover it must be borne in mind that the interpretation of an 
agglutination comprises, as was shown by Ruffer at the last session 
of the international committee, a personal coefficient which is not to 
be neglected: The extreme limit of the same serum, under conditions 
otherwise identical, may vary with different bacteriologists. 

The results of the experiments of Kolle and Gotschlich, summarized 
in Tables I and II, as well as innumerable other observations made in 
the course of the last few years, warrant the deduction of the following 
conclusions : With serums strongly agglutinative, the power of which 
reaches 1-4,000, the agglutinative power for common vibrios does not 
as a general rule exceed 1-50, rarely reaching 1-200 ; agglutinations 
in dilutions of 1-500 have been only very exceptionally observed. 
Cholera vibrios, on the contrary, are found to be agglutinable in dilu- 
tions varying between 1-1,000 and 1-20,000. 

It appears, therefore, that a rule might with advantage be adopted 
to regard as choleraic every vibrio which is agglutinated in 1-1,000 at 
least by a serum the activity of which is 1-4,000 or over. For vibrios 
agglutinable by a cholera serum only in stronger dilutions comprised, 
say, between 1-1,000 and 1-500, the results should be considered as 
doubtful. 

As concerns the Pfeiffer reaction, consideration should be had for 
the indications given previously in the note on technique, when the 
vibrio permits recourse to the procedure of Pfeiffer; in other cases the 
reaction should be made according to the method of Bordet, using the 
same basis for the interpretation of results. 

II. 

The practical value of determination of species, based upon the 
immunity reactions being recognized and regarded as beyond discus- 
sion, can it be considered that its adoption resolves in a complete 
manner the problem of the identification of the cholera vibrio ? 

The question may be considered as leading to two others, which 
may be thus expressed: 

1. If in the analysis of suspected materials there are found vibrios 
in which the reaction of agglutination and the Pfeiffer reaction are 
negative, even though they be in pure culture or at least in sufficient 
abundance to justify the suspicion of a vibrionic infection, ought the 
diagnosis of cholera nevertheless to be excluded on the ground that 
they are positively incapable of producing a choleraic infection ? 

2. Ought all vibrios of positive reaction to be considered as chol- 
eraic in the same force in spite of the fact that bacteriology can not 
establish differentiations between them, based upon other character- 
istics, to which in practice it is necessary to pay some attention ? 
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These questions must now be considered successively. 

A number of observations which have been made in relation to 
epidemics, and in scientific literature, tend to show that when one is 
confronted by a suspected case in which bacteriological examination 
reveals the presence of a vibrionic flora, and the vibrios found are not 
agglutinable, it would be imprudent to commit one's self to a negative 
diagnosis without the most ample information. 

The old authors were all in accord in recognizing that in the course 
of a cholera epidemic diarrheas were very frequently observed in 
which it was impossible to assert whether they were of a specific or 
ordinary nature. Often after one or two days they evolved into an 
attack of true cholera, and were then spoken of as preliminary 
diarrhea. 

As Gaffky remarked at the last session of the committee, these 
diarrheas of doubtful diagnosis, which were formerly very numerous, 
notably at Hamburg in 1892, are now much more rare, thanks to the 
perfection of bacteriological technique, but they have not as yet 
totally disappeared from our statistics. 

In 1910 the city of St. Petersburg was free from cholera for the 
month of January. But between January and June, the time at 
which the first new cases of cholera were demonstrated and bac- 
teriologically confirmed, cases of gastro-enteritis were received in 
hospital, some acute, and sometimes followed by death. In April 
these cases went on increasing in very large proportion, but bacterio- 
logical examination did not always show any vibrios, or, if they were 
found, they were not agglutinable by a specific serum. Later, when 
cholera had been declared epidemic, the cases of gastro-enteritis 
without specific vibrios did not cease. The two epidemic manifes- 
tations (as had already been the case in 1908 and 1909) continued side 
by side. 

The total number of cases of acute gastro-enteritis observed in 1910 
was 1 ,849, as compared with 4,600 cases of cholera. It sometimes hap- 
pened that in the same \hoiise there were cases of cholera and cases 
classed as gastro-enteritis. 

It could not but be thought that a number of the cases of gastro- 
enteritis observed before, during, and after the epidemic were them- 
selves also of choleraic nature. 

Several times researches made in St. Petersburg, in the contacts of 
cholera patients or among persons coming from infected districts, 
showed the presence of carriers of nonagglutinable vibrios in numbers 
equal to or even higher than carriers ofthe agglutinable vibrios. 

In 1908, at Manila, McLaughlin found out of 376 persons exposed to 
cholera infection 27 carriers of specific vibrios ana 46 carriers of the 
nonspecific varieties . 

In 1911, at Alexandria, the feces of 5,050 persons coming from 
infected countries were examined. Twelve carriers of specific vibrios 
and 14 carriers of the nonspecific were found. 

It has already been stated that the work of Kolle and Gotschlich 
was carried out upon 77 vibrios isolated during the epidemic of 1902 
in Egypt from the stools of persons presenting suspicious symptoms 
of cholera or having been in contact with cholera patients ; 1 8 of these 
vibrios did not enter into the group of true cholera. They came from 
14 persons whom, in their memoirs, Gotschlich classes as follows : Five 
were certainly choleraic; five were apparently not. As to the other 
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four, nothing could be said in view of the insufficiency of the infor- 
mation. 

Thus, therefore, in cases of certain cholera bacteriological examina- 
tion would have disclosed only nonspecific vibrios. According to 
Kolle and Gotschlich, this would be due to errors of manipulation. 
Isolations upon plates would have given in special cases mixtures of 
vibrionic colonies, belonging some of them to specific species and 
others to common varieties, and it would have been found that at the 
moment of transference some plantings would have been taken acci- 
dentally from common varieties. This hypothesis admitted, it would 
be interesting to verify by experiments made by examining each time 
a sufficient number in order that in cases where nonagglutinable 
vibrios were found it might be decided whether they existed acciden- 
tally alongside of specific vibrios or whether they constituted, them- 
selves alone, the entire vibrionic flora; and, as a second alternative, in 
seeking by means of reciprocal reactions of these vibrios and the 
serum of patients whether they might not be considered as the true 
agents of the infection. 

Certain peculiarities would appear to indicate that such researches 
would present a special interest, had they been followed, in an edemic 
country, during the periods which precede the beginning of an epi- 
demic of cholera, and upon all first cases. 

It is a very general rule that the biologic properties of a microbial 
species vary in a large measure with its history. None presents a 
sufficient fixity to constitute by itself the necessary and characteristic 
attributes. Agglutination by a specific serum ought not to be con- 
sidered an exception to the rule, and there is no reason to think a 
priori that its power may be reduced below that of the common 
species, without the vibrio having lost at the same time its pathogenic 
properties for man. 

The instructions issued by the minister of the interior of France to 
the laboratories charged with the final examination of suspected mate- 
rial after having stipulated as has been seen, further added that every 
vibrio agglutinable by the specific serum furnished in the proportion 
of 1 to 2,000, was to be considered as true cholera, and also stated the 
following reservation : 

Attention has been drawn to the fact that a certain number of vibrios do not agglu- 
tinate at all, or agglutinate badly at the time when they have just been isolated from 
the human economy or from waters, and that they only acquire this property after a 
certain number of passages made daily upon artificial media. It would be well there- 
fore, such a case arising, to repeat every day the agglutination experiments, and to 
defer considering as choleraic every vibrio isolated from a case presenting the clinical 
aspects of cholera and possessing the other characteristics so well known of the cholera 
vibrio. 

So far as is known, instances of vibrios, classed at the time of their 
isolation as common species, which acquired later characteristics 
which obliged them to be considered as choleraic by reason of a high 
agglutinative power, have up to the last few years been very rare. 
According to the observations made in 1909 and 1910 at St. Peters- 
burg, and the recent work of Zlatogaroff, they would be even less. 
This observer examined the stools of 1,540 persons, either convales- 
cents from cholera or persons in good health, but who had been in 
contact with cholera, and found nonagglutinable vibrios 82 times. 
Of these 82 vibrios, 55 were subjected to various procedures, in con- 
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sequence of which 45 became agglutinable, and had to be considered 
as choleraic. Vibrios isolated from stools of cholera patients and 
from water have alike been rendered agglutinable. All these vibrios 
without exception were mono-ciliated, and presented otherwise the 
general characteristics of the cholera vibrio. 

The observations of Zlatogaroff would lead to extending very 
much the limit of the reservation formulated in the French instruc- 
tions, so far as concerns nonagglutinable vibrios. Nevertheless they 
might not justify a conclusion reaching beyond a suspicion of cholera 
as long as a vibrio with positive reaction had not been isolated. It 
must not be forgotten in fact that an abundant vibrionic flora may 
be encountered in diarrheal affections having no relation with cholera. 

Observation has well established as a fact that vibrionic species 
are rarely met with, and then always in small number, in human 
feces of healthy individuals in temperate climates, even though they 
are in the course of a gastrointestinal condition. Such is not the 
case in hot or tropical countries. Observations made at Tor show 
that if the feces normally are in general practically free from vibrios, 
these are found frequently and often in great abundance in diarrheal 
feces; in other words, that one had always to deal with an ordinary 
diarrhea or a diarrhea attributable to a specific cause, such as 
dysentery. 

In the course of researches made in 1905 and 1906 at the lazaretto 
of Tor, and of which mention must be made later, Gottschlich isolated 
in association with agglutinable vibrios some other species which did 
not agglutinate, and did not give the Pfeiffer reaction. There were 
32 in 1905 and 16 in 1906. All these vibrios without exception were 
encountered in persons suffering from intestinal disorders, such as 
dysentery and enteritis, and their presence could often be recognized 
by the examination of a simple preparation. 

In 1911 the same observer examined at Tor 1,160 pilgrims, and 31 
times found cholera vibrios and 23 times nonspecific vibrios. The 
latter were found exclusively among individuals stricken with diar- 
rhea or dysentery, never among choleraics. At the last session of 
the committee Dr. Ruffer thus summarized the impressions produced 
in his mind by the general results of his observations made in Egypt: 

I must admit that I have been struck since I have been at El Tor by the number 
of patients arriving who present vibrios, even in the years when there is no cholera. 
Dr. Crendiropoulo, one of my assistants, has examined from this viewpoint the stools 
of many persons in Egypt at times when there was no cholera, and it is astonishing 
to see how often he has found vibrios. It appears that there may really be some 
relation of cause and effect between the vibrios and diarrhea. 

From the experimental point of view Metchnikoff has been able to 
bring about the production of a grave choleriform diarrhea, and even 
a true attack of cholera, developing with all the classical symptoma- 
tology (the stools becoming rice water and the vibrios abundant) by 
the ingestion by a man of cultures of the vibrio of Versailles. Now 
this vibrio isolated by Sanarelli from the water of a fountain at Ver- 
sailles, where all manifestations of cholera were wanting, is not 
agglutinable and can not be considered either by its origin or its 
characteristics as belonging to the order of cholera vibrio. Its inges- 
tion also produced fatal cholera in the young rabbit. The same 
observations likewise applv to the vibrio of St. Cloud, likewise 
isolated bv Sanarelli from the water of the Seine. 
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If these observations tend to make one think that numerous vibri- 
onic species are capable of producing in man, under certain condi- 
tions, diarrheas more or less severe, simulating sometimes a genuine 
attack of cholera, there are no observations which would justify the 
assertion that these diarrheas might develop into an epidemic form, 
suggesting cholera, in the absence of choleraic vibrios with positive 
reactions. 

As early as 1893 Ruffer had isolated from five cases of colitis and 
dysentery, without symptoms or lesions of cholera, several vibrios 
presenting all the characteristics as then known of cholera, including 
the Pfeiffer phenomenon. 

In 1905 F. Gottschlich, upon the outbreak of a severe epidemic of 
dysentery, which broke out in the camp at Tor upon the return of 
the Moslem pilgrimage, examined systematically the intestinal con- 
tents of 107 deceased pilgrims. In no case could the death either on 
clinical or anatomical grounds be attributed to cholera, yet 6 pre- 
sented vibrios having all the morphologic and cultural characteristics 
of cholera vibrios, agglutinating in dilutions of 1-500 to 1-2,000 with 
a specific serum, active in dilutions of 1-3,000; and also giving the 
Pfeiffer reaction. These vibrios are to-day known to science as the 
El Tor vibrios. 

Similar researches made in 1906 upon the intestinal contents of 127 
pilgrims stricken with various infections enabled the same observer 
to isolate two vibrios, presenting like those of the previous year the 
characters of agglutination and bacteriolysis, and in 1907 a similar 
vibrio was found in a pilgrim dying of cancer of the stomach. If one 
is restricted to the definition which has already been given of the 
cholera vibrio, the El Tor vibrios would be considered as all true 
cholera, but neither in 1897 nor in 1905, 1906, or 1907 had any 
cholera been disclosed during the course of the pilgrimage, either at 
Hedjaz or Tor. 

Whatever may be the explanation of the presence of these vibrios 
in the intestines of pilgrims returning from the holy places, it remains 
nevertheless remarkable that they had not brought about any mani- 
festations of cholera in the eminently receptive population of Hedj az 
or the camp at Tor. Hence it was indicated to determine whether 
bacteriology might not furnish a means of distinguishing them and 
of assigning them to a place in the group of agglutinable vibrios. 

The problem was she ;n to be particularly interesting from the 
very beginning, for the reason that these vibrios were found in fact 
to present in many respects a peculiar physiognomy. The question 
raised by the discovery of the El Tor vibrios has thus been the origin 
of quite a series of researches, which, if they have not led to a definite 
result, have at least enriched science by very interesting results. 
These reactions. belong to three orders of phenomena, viz, hemolysis, 
deviation of complement, and the secretion of soluble toxines. 

Hemolysis. — In his report of the operations of the first German 
cholera commission, published in 1887, Gaffky mentions as one of the 
properties of the cholera vibrio, that of dissolving the red blood cor- 
puscles, and the description which he gives of the phenomenon shows 
that the solution of the blood corpuscles is produced by the secretion 
of a substance diffused outside of the microbial cells, a hemolysin, to 
give it the name which it has since received. Gaffky says: 
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When a gelatin to which blood has been added is used as a culture medium, the 
cholera vibrios destroy the red corpuscles, as is to be clearly observed on plate cultures, 
and this well beyond the limits in which is produced the liquefaction of the gelatin. 
Upon the plates, colored red by the blood, the colonies of vibrios appear each to be 
surrounded by colorless halos, of very striking appearance. Moreover it is to be 
remarked that this characteristic is not peculiar to the cholera vibrio, but belongs also 
to other organisms. 

Kraus and his pupils had already undertaken the study of hemo- 
lysis as a diagnostic point, permitting the differentiation of vibrios 
of various species (9) . 

The El Tor vibrios are hemolytic. It had been previously consid- 
ered that this was an important differential characteristic, for the 
researches made upon a number of vibrios, choleraic and noncholeraic, 
had led to the belief that a strong hemolytic power was the excep- 
tion for agglutinating vibrios, while it was the rule for the others. 
It appears, however, according to recent discoveries, that the 
proportion of hemolytic species among agglutinating vibrios is 
greater than had been previously admitted. Huntemuller found 35 
species out of 55 experiments when he preserved the plates under 
observation for six days; he found only six when the period of ob- 
servation was limited to 24 hours. At St. Petersburg it was found 
that out of 642 cholera vibrios, newly isolated from feces and water, 
406 gave the hemolytic reaction, clearly and strongly. 

The hemolytic vibrios, even when strongly hemolytic, do not 
always lend themselves to the extraction of soluble hemolysins, 
though many of them have it. 

These hemolysins have the character of an antigen; that is to say, 
that by injecting into animals filtered cultures which contain it the 
production of an antihemolytic serum is brought about. 

The preparation of antihemolytic serums and the reciprocal 
experiments of hemolysin and serum have not as yet furnished 
grounds of differentiation between the various vibrionic species. 

So far as the experiments have gone, the serum corresponding to a 
hemolysin is shown to be active against others. 

The hemolytic power is shown to be of different strengths among 
the various species which possess it. For the same species it is sus- 
ceptible of greater or less variation, varying with time and the vicis- 
situdes to which the cultures have been exposed. Despite these con- 
tingencies, which indeed are not in excess of the biologic properties of 
microbes in general, it is a characteristic which merits being borne 
m mind. 

Deviation of complement. — The property possessed by cells and 
cellular extracts, sensitized by an immune homologous serum, of 
immobilizing the alexin, or as it is said of deviating the complement 
(reaction of Bordet-Gengou), has furnished bacteriologists with a very 
fruitful method of diagnosis which had not as yet been applied to the 
identification of cholera vibrios (10). 

Crendiropoulo has tried 42 vibrios from the point of view of the 
agglutination reactions according to Pfeiffer and Bordet-Gengou. He 
has also experimented upon their hemolytic powers. 
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These vibrios were divided into four groups, thus constituted: 
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Group 1—12 vibrios . . . 
Group H— 6 vibrios . . . 
Group IU — 14 vibrios. 
Group IV— 10 vibrios. 
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Gengou re- 
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Among the vibrios neither reacting as to agglutination nor giving 
the Pfeiffer reaction, there are quite a number which are capable, 
however, of deviating complement in the presence of an anticholeraic 
serum. In the second place, the El Tor vibrios are clearly separated 
from the group of other agglutinable species. This conclusion as to 
the El Tor vibrios has, however, been controverted. Betsche and 
Kohn, who have tried the reaction with various vibrios in the presence 
of various serums, have arrived at the following conclusions : 

An El Tor vibrio IV, with El Tor serum, reaction positive. 
A cholera vibrio -with El Tor serum, reaction positive. 
A vibrio Metchnikoff with El Tor serum, reaction negative. 
An El Tor vibrio with a cholera serum, reaction positive. 

The same results are obtained if in place of the vibrio El Tor IV 
the vibrio El Tor V is tried. 

Neufeld and Haendel are of the opinion that the El Tor vibrios 
react as truly choleraics. 

These differences are due perhaps to differences of technique, but 
are sufficient in any event to cause reservations as regards the El Tor 
vibrios. As to the fact that there are vibrios capable of deviating 
complement, though they react negatively to agglutination and 
Pfeiffer reaction, we lack facts showing the practical significance of 
these results; upon this point the progress of science must be awaited. 

The toxin of the vibrios. — The symptomatology of cholera is of the 
nature of a toxic disease, and Koch had already expressed the opinion 
of the existence of a poison secreted by the cholera vibrio. The proof 
of their toxic properties, and the differentiation of the specific poison 
which they elaborate, would furnish certainly the basis of a classifica- 
tion of vibrios, at once very natural and very useful for the determi- 
nation of cholerigenic species. If science has not advanced in this 
direction it gives nevertheless some very interesting facts. 

The experiments made in order to prove the existence in a culture 
of the Koch vibrio of a soluble toxin analogous to the toxins of diph- 
theria and tetanus, capable of playing the r61e of an antigen — that is 
to say, the injection or which into an animal brings about the forma- 
tion of a specific antitoxin — were for a long time without result. In 
the presence of their lack of success, Pfeiffer had advanced the hypoth- 
esis that the choleraic poison was of a different nature, and had given, 
in order to designate it, the term endotoxin. The existence of true 
soluble toxins secreted by cholera vibrios was definitely put beyond 
doubt in 1896 by the work of Roux, Metchnikoff, and Salimbeni. 
The toxin of Roux, Metchnikoff, and Salimbeni is not materially 
altered by a boiling temperature; it loses its activity by exposure to 
the air, above all by exposure to light, but keeps well in sealed tubes. 
It is to be remembered that the endotoxin or Pfeiffer, obtained by 
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bacteriolysis and maceration of the microbial bodies, bears without 
notable diminution of strength a temperature of 60° C. for one hour. 

Guinea pigs are the most sensitive animals, and with large doses 
death may be produced in a few minutes. "The effect is truly like 
that of lightning, especially if the injection is made into the abdomi- 
nal cavity." The fall of temperature immediately follows the admin- 
istration of the poison and continues until death. The animals vac- 
cinated by injections of toxin or by intravenous injections of living 
cultures give an antitoxic serum. 

Salimbeni on the one hand and Brau and Denier on the other 
have obtained toxins which appeared identical with each other and 
with the one just described, and have vaccinated animals and pre- 
pared antitoxic sera. 

Kraus has shown that the filtered cultures of a certain vibrio (vibrio 
of Nasik) isolated in the Indies by Dr. Simon from an authentic case 
of cholera, but which is not to be regarded as truly choleraic, as 
anticholeraic serum does not agglutinate it (its homologous serum 
does not agglutinate cholera vibrios), contains a soluble toxin, the 
most striking characteristics of which are on the one hand its frailty, 
especially in the presence of elevated temperatures, on the other its 
property of killing rabbits in a few minutes by the intravenous route, 
and which also contains a soluble hemolysin. A short heating at 
58° C. destroys both the toxin and the hemolysin. Animals im- 
munized with it give a serum, which, mixed with the toxin in vitro, 
immediately neutralizes it. 

Kraus and Pribram have shown that the vibrios of El Tor give a 
thermolabile toxin with a rapid action on rabbits, and a soluble hemo- 
lysin similar to that of the vibrio of Nasik. The serum of animals 
vaccinated against the El Tor vibrios neutralizes the toxin of Nasik, 
and reciprocally, but only the serum of El Tor is active in the presence 
of a vibrio of Saigon, typically choleraic and nonhemolytic, which 
itself gives an immune serum, inactive against the two other toxins. 

Reciprocal action of serums and toxins corresponding to the vibrios of Saigon, El Tor, 
and Nasik, according to Kraus. 
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Huntemuller, in a recent work, has shown that several choleraic 
vibrios are capable of producing toxins and hemolysins in every 
respect analogous to the products of the El Tor vibrios. 

The serum of animals immunized against the toxin of one of these 
vibrios (vibrio 70 of the Berlin collection) is at the same time anti- 
toxic and antihemolytic. It neutralizes equally the toxin of the 
El Tor vibrios. Moreover, animals immunized against the El Tor 
toxin give a serum which netralizes the toxin of vibrio 70. 

All that it appears possible to deduce at the present time from 
these fragmentary facts would be the opinion that the poisons secreted 
by various cholera vibrios belong to two classes, represented on the 
32 
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one hand by the endo- toxin of Pfeiffer, by the toxins of Roux, 
Metchnikoff, and Salimbeni, of Brau and Denier, or at least by the 
thermostable members of this group; on the other hand by the 
thermolabile toxins obtained from the vibrios (El Tor, vibrio 70) 
which all present the common characteristic of being strongly 
hemolytic. 

The consideration of the vibrionic toxins and of their corresponding 
serums leads to conclusions as to the affinities which the ones exercise 
within the limits of the groups of the vibrios of positive reactions, 
but to which the others do not reach. The vibrios of El Tor answer 
on the one hand to certain true choleraic organisms (vib. Saigon 
and vib. 70); on the other hand to the group of hemolytic, but 
nonspecific vibrios (vib. Nasik). 

From the preceding the definite conclusion may be drawn that 
considerations relative to the hemolytic power of vibrios, to their 
faculty of producing deviation of complement and of their toxins 
do not furnish at the present time such reactions as would permit 
the establishment between choleraic vibrios of differentiations of a 
practical character. 

The fact that the bacillus carriers of the vibrios of El Tor did not 
plant cholera either at Hedjaz or at the lazaretto, signifies con- 
sequently that the discovery of agglutinable vibrios, hemolytic or 
not, and apart from all choleraic manifestations, should be inter- 
preted with prudence, and not as constituting for the ensemble to 
which the carriers belong, a state of infection. This is the true mean- 
ing of the conclusions adopted by the committee as regards bacillus 
carriers. A very recent observation of Crendiropoulo and Madame 
PanayotatoU lends support to this manner of thinking. These ob- 
servers have isolated from the stools of a patient arriving from a 
Province of Egypt (where there have been no manifestations of cholera 
since 1902) at Alexandria, in order to receive treatment for a Bill- 
harzian diarrhea from which he had suffered for three years, two 
monociliated vibrios, agglutinable in the proportion the one of 1 to 
2,000, the other in 1 to 500 by a serum active in 1 to 3,000, and giving 
both the reaction of Pfeiffer; the reaction of Bordet-Gengou positive 
in one and negative in the other, and neither hemolytic. In 22 
days after the examination the vibrios had disappeared from the 
stools. 

The serum of the patient agglutinated neither cholera vibrios, nor 
the vibrios isolated from his stools; it was not bacteriolytic and did 
not give the Pfeiffer reaction. It was therefore a question simply 
of a healthy bacillus carrier. The point of interest in the case is that 
he came from a neighborhood which had not for a long time been 
visited by cholera; that the most minute inquiry failed to show any 
communication, even presumptive, between him and cholera patients 
or persons who might themselves have been bacillus carriers. More- 
over, though suffering from diarrhea, and consequently in a specially 
receptive condition, in spite of the presence of vibrios in his intestines 
of a choleraic nature, he did not himself have cholera. 

III. 

The research of the agglutinating power and of specific bacterioly- 
sins in the blood of persons suspected to have undergone an attack 
of cholera permits the establishment of a diagnosis, even at a period 
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when the vibrios themselves have disappeared from the intestine. 
It would be sometimes possible then by this means to bring to light, 
up to the time of the first positive cases of an epidemic, incidents, 
and to thus establish the fact of unsuspected cases, establishing a 
relation between other patients and isolated cases. 

In the researches made by Gaffky in 1905, out of 14 specimens of 
blood examined it was possible in 7 instances to affirm that there 
had been an attack of cholera, though the vibrio could not be discov- 
ered in the stools. 

In 3 only of the 7 cases could indication be found as to the period 
of the disease at which the examinations were practiced. In 
an individual taken sick on August 28 five examinations made of 
feces from September 7 to October 8 were all negative. On Septem- 
ber 10 his serum was agglutinating in the proportion of 1 to 500. In 
a second patient, taken sick on August 29 and pronounced cured on 
September 15, three examinations of feces, made on September 6, 
15, and 23, were all negative; the serum, however, on September 21 
gave the Pfeiffer reaction in 1 to 300, but only agglutinated in 1 to 50. 
In a third patient the first examination of the stools was only made on 
the day that he was pronounced cured. It was negative, as well as 
two others made in the space of nine days, but on the ninth day his 
serum gave the Pfeiffer reaction in dilution of 1 to 200, but was only 
agglutinable in 1 to 50. 

The preceding shows that, from the point of view of the discovery of 
the specific antibodies, the Pfeiffer reaction is superior to that of 
agglutination. This, indeed, is the conclusion off Gaffky from the total 
of his observations. It is clearly shown in the table below, in which 
are found included the two results, side by side. In two other cases 
the positive result of the Pfeiffer reaction was obtained 23 and 24 days 
after the disease. 



Agglutination. 


Pfeifler phenome- 
non. 


Dilution. 


Result. 


Dilution. 


Result. 


20 


l+l+l+l+l+l 1 1 


500 
300 
200 
1 500 
/ 250 
\ 500 
f 500 
1 500 
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50 


+ 


50 


+ 


50 
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100 
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50 
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100 
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100 
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200 




100 




200 
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1 




100 




200 


} 









The facts collated by Svenson also confirm these observations. 
This observer having investigated the agglutinating power and 
the power of giving the Pfeiffer reaction in the blood of 27 cholera 
patients whose cases had been confirmed by the finding of the vibrios 
in their stools, found 21 positive results in the Pfeiffer experiment, 
while the agglutination was positive six times only in a dilution at 
most of 1 to 50. 
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Any agglutination not produced in a dilution greater than 1 to 50 
should be regarded as negative. Jansen found once an agglutination 
in 1 to 640. 

Gaffky found in the blood of three bacillus carriers specific anti- 
bodies in high dilutions. 

Van Loghen examined in 1910 the feces of 298 healthy individuals 
composing the crews of 14 steamers coming from Russia to Rotter- 
dam. He found four bacillus carriers, and investigated the bacteri- 
cidal action of their serum. He employed a culture one loopful of 
which killed a guinea pig in 24 hours. While 50 milligrams of the 
serum of a normal man, and sometimes 250 milligrams, did not prevent 
the death of the guinea pig and did not produce the Pfeiffer reaction, 
5 milligrams of the serum of the bacillus carriers sufficed to save the 
inoculated guinea pig and to produce the Pfeiffer phenomenon. 

These facts which are explained easily by admitting that in bacillus 
carriers considered healthy there are produced true infections too 
slight to be noticed, but sufficient to produce the formation of bacteri- 
cidal antibodies, show that even among healthy bacillus carriers a 
retrospective diagnosis is not always impossible. 

EXPLANATORY NOTES. 

(1) 

The vibrio of cholera was described by Koch as an organism 0.5 micron broad, 
and three to four times as long, and very motile. When examined in suspension in a 
liquid, or in the hanging drop, it is seen running about the field in directions practically 
straight, and with a very lively movement. ' ' Principally in the neighborhood of the 
margins of the preparation, where the vibrios are found in large numbers, they throw 
themselves about here and there in a lively confused manner, producing a very char- 
acteristic impression, which reminds one of the dance of the larvse of mosquitoes." 
(Gaffky.) 

It is well colored by all the aniline dyes, and is not stained by Gram. The color 
most generally employed is the carbolized fuchsin of Ziehl, diluted ten times with 
water. This even permits securing a sort of differential coloration, the vibrios in gen- 
eral taking a less vivid color than the greater part of the microorganisms which accom- 
pany them. 

The vibrio of Koch possesses a single cilia at one of its extremities. This can be 
easily stained by the method of Giemsa. 

In preparations moat of the organisms appear slightly curved in the shape of a 
comma. Two organisms placed end to end may give, according to their individual 
shape, the appearance of a half circle, or of a letter S. 

According to Gaffky: "In cultures it is not rare to iind more than two bacilli placed 
end to end. In colored preparations they appear as undulating, more or less long, fila- 
ments; when examined in the living state it is easily demonstrated that they form 
beautiful spirals, having a very great resemblance to the spirochete of relapsing 
fever." 

It may thus be deduced that isolated vibrios represent fragments of a spiral, and that 
the more or less curved forms are the various aspects of their projection upon the plane 
of the slide. 

Most frequently the vi. rios which are met in cases of cholera show themselves under 
forms which, while not always those of typical vibrios, still answer closely to the pre- 
ceding description, sometimes corresponding exactly, sometimes differing only in the 
breadth and length of their respective organisms, their degree of curvature, and the 
liveliness of their motion. But sometimes they differ completely, and constitute 
long, straight rods, or ovoid or round organisms of coccoid form. Motility, even s is 
not a constant characteristic, and may be completely wanting. 

External morphological characteristics are also far from being immutable for each 
species, and the vibrios preserved in laboratories, and especially when they have been 
only recently introduced there, have a marked tendency to undergo morphological 
modifications, according to the influences to which they are subjected, such as the 
nature of the culture media, passage through animals, etc. 
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Dunbar reports the following experiment made in Hamburg in 1893. Prepara- 
tions of fecal matter originating, some from individuals in whom, from the aggregate 
of clinical and bacteriological signs the diagnosis of cholera had been made, and some 
from others in whom it had been impossible to make a diagnosis, were mixed together, 
and submitted to the examination of two different bacteriologists. Out of 142 cholera 
preparations, one recognized 70, the other 59. 

For the first, the detail of results, taken in connection with the clinical features of 
the case from which the preparations originated, were as follows: 



Clinical diagnosis. 



Cholera 

Gastro-enteritis 

Without symptoms of illness 



Microscopic diagnosis. 



Positive. Negative. 




27 
22 
23 



(3) 

The vibrio of Koch grows well upon all the media in current use in laboratories. 
It is essentially arobic. In liquid media it develops quickly and especially in the 
superficial layers, where it forms, conditions being favorable, thick and wrinkled 
veils or layers. 

It does not grow in media even slightly acid, preferring a frankly alkaline reaction, 
and can support doses of alkali which arrest growth of a number of microbes with which 
it is found most frequently mixed in fecal matters, notably the B. coli. It is largely 
upon this last property that is based the composition of the elective media, of which 
subsequent mention will be made. 

The proportion of alkali which affords the optimum of culture differs in various 
species. According to Dullman it is comprised in general terms between the extreme 
limits indicated in the table below, the figures representing the number of cubic 
centimeters of normal alkaline solution which must be added to 100 cubic centimeters 
of bouillon, assumed to be neutral to litmus. 



Solution of 
caustic 
soda. 



Solution of 
sodium bi- 
carbonate. 



Vibrio of eastern Prussia. 
Vibrio of Witze 



1.95 

.78 



1.70 



The dosage of alkali which it is necessary to employ to obtain media clearly differ- 
ential for the cholera vibrio and the bacteria of feces (colon, typhoid, paratyphoid, 
dysentery) are much higher in the one case than in the other. 

By reason of the formation of alkaline albuminates, in order to obtain equivalent 
results, doses of alkali are required, large in proportion as the media are rich in albu- 
men, and after alkalinization the media must be more strongly heated. 

In dilute peptone solution (1 to 100) at 37° C. the cholera vibrio develops rapidly, 
and even at the expiration of six hours gives an abundant culture. The greater part 
of the bacteria which ordinarily accompany it grow less quickly. With a bouillon of 
meat alone the results are less to the advantage of the vibrio. 

Dunbar first conceived the idea of resorting systematically to preliminary cultures 
in peptone water for the search of the vibrio in pathological feces. These were planted 
in the average proportion of 0.1 cubic centimeter in 10 cubic centimeters of media. 
"Frequently, at the end of six hours a pure culture of vibrios might be collected from 
the surface and the immediate vicinity. In every case the culture even when mixed 
with other bacteria is found to be much enriched in vibrios, so that subsequent searches 
for the latter are found to be greatly facilitated. Experiments have shown that often 
in cases where isolations have been attempted on plates, starting with the original 
material and have failed, those starting with peptone water cultures have succeeded. 

"The best time to utilize the cultures in peptone water is six hours after planting; 
sometimes it is necessary to wait longer. In every case it is necessary to practice 
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plants from time to time, in order to be able to grasp the moment when the vibrios 
predominate. Later the bacteria of feces also invade the culture to an extent not 
permitting the isolation of the vibrio in new plantings." (R. Koch.) 

When one is dealing with materials containing very few vibrios, as is usually the 
case in those coming from bacillus carriers, it may sometimes be of value to make 
the first planting from the peptone water culture at the end of 3 hours in the incubator.' 

Sometimes the cultures made from the peptone water not having given results 
up to 12 hours, these may be obtained from later ones, up to 24 hours, but there 
appears no reason ever to' pass this limit. Some bacteriologists prefer, in place of 
making successive plants from the same culture, to make a series of plants in peptone 
water, planting, for example, every 4 hours a new tube, with a sowing taken from 
the superficial layer of the preceding tube. 

The German instructions of March 21, 1907, give the following formula for the prepa- 
ration of the peptone water: 

Dry Witte's peptone grams. . 100 

Common salt do 100 

Nitrate potassa. do 1 

Crystallized sodium carbonate do 1 

Distilled water to make.'. liter.. 1 

This gives a mother solution, which for use is to be diluted with nine times its 
volume of water. 

Metchnikoff has recommended a medium which contains, in addition to peptone 
and salt, a small quantity of gelatin. The formula is — 

Dry peptone grams. . 1 

Common salt do 0.5 

Gelatin do 2 

Distilled water do 100 

made slightly alkaline with solution of soda. 

Solutions of commercial peptones may with advantage be replaced by peptones 
prepared in the laboratory, as, for example, those prepared by the digestion of pigs' 
stomachs in a solution of HC1, 5 per 1,000. 

When the vibrio is being sought in water, use is generally made of quantities of 
100 to 1,000 c. c. In every case the water to be examined is collected in a sterile 
flask, and to it is added one-tenth of its volume of the ten times concentrated solution 
of peptone and salt, like the solutions of peptones employed for preliminary cultures. 
These are put in the incubator, and the steps are similar to those for ordinary plantings 
in peptone solution. If it should be desired to operate upon larger quantities of 
water, they are filtered through a bougie of porcelain, or better, through a bougie 
covered externally with a pellicle of collodion. The residue remaining upon the 
bougie is finally brushed on, diluted in a small quantity of sterile water, and the 
experiments are made with this mixture. 

(4) 

After 24 hours at 22° C. in the incubator the colonies already appear under 
the form of small, opalescent disks, with a slightly granular surface and wavy out- 
lines. In one day more the disk has become thickened and extended; it is clear, 
and its granular and brilliant surface presents the appearance of a mass of small glass 
pearls; its borders are like lacework. Later it is surrounded by a zone of liquefaction; 
it forms a capsule full of a transparent liquid, at the bottom of which rests the colony. 
The liquefaction progresses slowly; it spreads for 5 or 6 days to the entire plate, 
which gives out a peculiar odor, compared to that of the "urine of mice." 

Upon plates planted with pure cultures of cholera vibrios there are often found 
alongside of typical colonies answering to this description other colonies, cloudy, with 
irregular outlines, more or less active liquefaction, and having nothing characteristic 
in their appearance. When the plantings are made, starting with choleraic fecal 
matter (or from cultures in peptone water), the typical and atypical colonies may exist 
alongside of each other. Often the first predominate, but sometimes also they are 
entirely absent. 

Finally, there exist, principally in waters, numerous vibrionic species which give 
on gelatin, colonies absolutely similar to typical choleraic colonies. These species 
are found, though generally rarely it is true, in human feces, in particular among 
persons who have partaken of waters in which they abound. 

By reason of these peculiarities, the deductions which can be drawn from the 
appearance of colonies upon gelatin plates are somewhat misleading. 

The same may be said of stab cultures in gelatin. 
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(5) 

The medium of Dieudonn6 is prepared as follows: Equal parts of a normal 
solution of potassa and defribinated ox blood are mixed and sterilized in the auto- 
clave (sol. A); there is also prepared according to the ordinary technique a nutrient 
agar, exactly neutral to litmus (sol. B). Seven parts of B are mixed with three parts 
of A and poured upon plates. 

When the mixture of blood and alkali is heated a part of the latter is found to be 
saturated by the albuminoids or the products of their hydrolysis, but the final agar 
still preserves a very strong alkalinity, corresponding to about 0.6 per cent of potassa. 

The free alkali and the alkaline combinations formed during the heating of the 
blood give together to the medium some special qualities. This does not happen 
with the nutrient agar prepared according to the ordinary technique and alkalinized 
to the same degree nor according to Huntemiiller with an alkaline agar to which is 
added at one period the defribinated blood, prepared aseptically. They disappear 
also if, following the method of Dieudonne^ a smaller quantity of potassa is put into a 
mixture of equal parts of blood and water. 

The plates ought not to be used immediately after their preparation. Dieudonne^ 
recommends to keep them several days in the incubator at 37° C, uncovered and 
face down, or to heat them for five minutes at 65° C. An equally good result is obtained 
by keeping them for 48 hours at laboratory temperature. During this time the sur- 
face of the agar becomes slightly dry and loses a part of its alkalinity by the evapora- 
tion of the ammonia, formed in quite a large quantity by the heating of the alkaline 
blood. This is without doubt the reason of the advantage which this kind of matura- 
tion of the agar blood presents, which, above all, should not be pushed too far. Once 
in condition (by keeping for 48 hours at ordinary temperature, for example) the plates 
ought to be used within a period not exceeding five or six days. 

The necessity of preparing plates quite a long time in advance or of heating them to 
65° C. may in certain cases be annoying. Neufeld and Woithe claim that they obtain 
a medium, capable of immediate use (but not preserving its elective qualities for more 
than 24 to 48 hours), by adding to each 10 cubic centimeters of agar blood, 0.2 cubic 
centimeters of a 10 per cent solution of lactic acid. 

Upon the agar of Dieudonne^ planted in streaks, the cholera vibrios grew abundantly. 
On the contrary, the organisms which most often accompany them on plate cultures, 
and in the first place the B. coli, grow either very badly or not at all. The medium 
possesses in these two respects a very extremely marked power of election. 

The typhoid bacillus, the paratyphoid bacilli, and the bacillus of dysentery deport 
themselves in general like the B. coli. On the contrary, the noncholeraic vibrios of 
water and of feces, the B. proteus, the B. pyocyaneus, and several other organisms 
behave very nearly like the cholera vibrio. 

The B. proteus, which is encountered quite frequently in diarrheal stools, and 
the B. pyocyaneus, also very frequent in the diarrheas of hot countries, are known to 
complicate the search for cholera vibrios. In this respect the difficulty is not obviated. 

The cholera colonies, developing upon the medium of Dieudonn6 in spite of their 
transparency, their grayish tint, and their glistening appearance by reflected light, 
are in fine only a little characteristic. When they are found mixed with a great 
number of others their search remains difficult and may present deceptive points. 
For this reason the employment of hyperalkaline blood agar, extremely valuable for 
bacteriological examinations to be essayed upon fecal matter, is much less so when it 
comes to hunting for cholera vibrios in the midst of the bacterial flora of waters. 

The culture of the vibrios upon the medium of Dieudonne' causes no sensible modi- 
fication of the cultural or biological characteristics. Liquid media prepared by mixing 
in the proportion of 3 to 7, or of equal parts, of alkaline blood and neutral peptone 
water, present no special advantage for the culture of vibrios. Such media, which it 
has been tried to use for enrichment cultures, do no better than ordinary peptone 
salt solutions. 

(6) 

These are the directions given by Crendiropoulo and Madame Panayotatou: 
The medium is composed of peptone alone, but all of the commercial preparations 
do not appear equally adapted to its preparation. Among the products of the various 
manufacturers which have been tried, the peptones of Witte and Chapoteau alone 
have given satisfactory results. The method of preparation is as follows: Five grams 
of peptone are dissolved in 190 cubic centimeters of water; 10 cubic centimeters of a 
10 per cent solution of caustic soda is added, and the mixture is heated for three to 
five minutes; after cooling it is filtered through paper and heated to 100° C. for a half 
hour. When the peptone of Witte is used it is preferable to diminish the dose of 
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soda, and to add only 8 cubic centimeters in place of the 10 cubic centimeters of the 
10 per cent solution. It is very important not to depart from these proportions, 
because the combination of the soda with the peptone ought to be such that the 
liquid is left after sterilization of a degree of alkalinity comprised between 0.28 and 
0.40 per 100, calculated as soda. At the moment of using, 4 parts of the alkaline 
peptone are mixed with 6 parts of neutral agar (agar 3 grams, peptone 1 gram, sodium 
chloride 0.5 gram, water 100 grams) and it is poured on to plates. The mixture 
should be made aseptically, because a further sterilization produces hydrolysis of the 
agar, which becomes brown and less fit for use. For planting, a certain small quantity 
of the material to be examined is diluted in a little normal salt solution, or preferably 
in peptone water; from this dilution 4 to 5 loops are touched to various parts of the 
plate and spread by means of a little glass rod. 

In preliminary experiments made by planting simultaneously the cholera vibrio 
and the B. pyoiyaneus, colonies of the vibrio alone were encountered at the end of 
24 hours, to the exclusion of all others, while control cultures upon ordinary agar 
showed pyocyaneus almost exclusively, and very rarely a few accompanying vibrios. 
Experiments made with stools artificially infected, and with cholera stools, gave 
similar results. 

(7) 

Cultivated in peptone solutions (petone 1 per cent, NaCl 0.5 per cent) contain- 
ing a small quantity of nitrates, the vibrio of Koch gives, at the expense of the former, 
some indol, and by reduction of the second, nitrites. The simultaneous presence of 
these two transformation products is shown by the red color which the liquid takes 
upon the addition of a few drops of a mineral acid, sulphuric acid free from nitrous 
products, for example. In the absence of nitrates in the medium, indol alone would 
be found in the culture, and might be put in evidence by the addition, after the mineral 
acid, of a few drops of a 0.5 per cent solution of sodium nitrite. All commercial 
peptones do not lend themselves equally to securing this reaction, but good results 
can be surely obtained by employing 1 per cent solutions of pepsic peptones, prepared 
in the laboratory by the digestion of pigs' stomachs in hydrochloric solutions, neu- 
tralized, and with the addition of 1 per 1,000 of nitrate of soda. 

The experiment is only conclusive when carried out on a pure culture, and it is 
best not to make it until after 12 hours' stay in the incubator. 

(8) 

Agglutination reaction.— The agglutinative power of a serum, the titre of dilu- 
tion (made in physiologic salt solution) is that dilution in which 1 c. c. agglutinates 
completely (the flakes deposited at the bottom of the test tube, leaving a clear liquid 
above) a definite quantity of culture (1 oese), under definite conditions (temperature 
37° C), in a given time (2 hours). 

The normal serum of animals possesses the power in the presence of microbes in 
general, and of vibrios in particular, of agglutination, sometimes in a very marked 
degree. The existence of this common property might be a source of error, but it is 
avoided by using only immune serums, the specific activity of which is quite elevated. 
It is therefore indicated to resort to the immune sera obtained from animals in which 
this agglutinating power is least marked, when this course in practicable. 

The order of preference of animals for the preparation of immune seTa is, the rabbit, 
the ass, the goat, and the horse. For laboratory experiments which require the pro- 
curing of a serum corresponding to a given microbe, the rabbit remains the animal of 
election. When it is a question of securing large quantities of serum, practical con- 
siderations lead to the choice of the horse, and it is with horse serum that the work 
of laboratories is generally done. 

The best method of procuring immunization is to inject by the intravenous route 
cultures killed by heating for one hour at 60° C. With rabbits three injections (1 oese, 
3 oese, 5 oese), at intervals of 7 days, generally suffice to obtain by a bleeding made 
7 days after the last injection a serum of very strong agglutinating power. (Kolle 
and Gotschlich.) 

The agglutinating power of serums preserved in a liquid state may vary within 
very large limits. It remains more constant when the sera are dried in vacuo, and 
kept in sealed tubes, protected from the influence of light. 

For the identification of vibrios it is well to employ only a cholera serum the aggluti- 
nating titre of which is 1-4000, or even higher. 

Experiments are made (1) with a preliminary dilution in order to have a positive 
indication as to the character of colonies upon solid media, which it is desired to plant 
in order to secure pure cultures; (2) a definite, precise dilution, in order to determine 
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the exact value of the activity of a cholera serum in the presence of the given vibrio 
which it is desired to identify. 

Preliminary experiment. — In order to secure a clear result in a short time it is con- 
venient to employ quite strong doses of the serum. With a serum the activity of 
which is 1-5000 for example, the dilutions would be 1-500. The operation might be 
performed by distributing in the diluted serum a small quantity of culture taken from 
the suspected colony. In a few minutes, 30 or more, the drop should appear as if 
composed of a clear liquid in which the agglutinated microbes form a network, similar 
to the meshes of a fishnet. A control drop of physiologic salt solution, containing as 
nearly as possible the same quantity of culture, should preserve its uniformly cloudy 
aspect. This control is absolutely necessary for numerous microbial species, above 
all in very young colonies, spread very badly, and might produce appearances simu- 
lating an agglutination. 

The phenomenon can be observed without difficulty with the naked eye, but can 
also be followed under the microscope, between slide and cover slip, under a low 
magnification. 

If the agglutination shows itself under the conditions indicated, the colony is prob- 
ably choleraic; if not, the experiment is to be regarded as inconclusive. 

Determination of agglutinating power. — A series of dilutions of the immune serum 
in physiologic salt solution is prepared in the proportions of 1-200, 1-5C0, 1-1000, 
etc., and the liquid is filtered, if need be, to secure an absolutely clear liquid. Then 
1 c. c. of the dilutions is put into small test tubes, and in each of them there is rubbed 
up, with careful shaking to obtain a uniform cloudiness, one loopful of a culture upon 
agar, 18 hours old, of the culture to be tested. These dilutions are put in the incu- 
bator at 37° C, and observed at the end of two hours. Every dilution is considered 
to have given a positive reaction, in which the vibrios are collected in flakes and 
deposited at the bottom of the tube, leaving a clear liquid above. 

There should be made at the same time and under the same conditions two control 
observations — one with the culture to be identified, and the normal serum of an animal 
which has been used to furnish the immune serum, and another with the immune 
serum and an authentic cholera vibrio. 

When it is desired to experiment with very young cultures (a few hours old only) 
there is sometimes produced even in physiologic salt solution without the addition 
of any serum, a pseudoagglutination. This inconvenience can be avoided by using 
only cultures which have been at least 15 hours in the incubator. If it is desired to 
use younger cultures, this incident should be provided against by a previous control 
experiment. 

To be perfectly sure, the agglutination experiments should be made only uponpure 
cultures. When operating upon impure cultures of cholera vibrios, there may result 
no perceptible phenomenon, even under the microscope. 

Experiments with the feces directly. — Dunbar has proposed, with a view to obtaining a 
rapid preliminary result, to make the agglutination experiments upon the suspected 
feces themselves. Upon two cover slips are deposited two drops, one of cholera serum 
in the dilution of 1-500; upon the other a drop of normal serum of the same species of 
animal, diluted 1-50; then in each of the drops is suspended a small quantity of the 
suspected material, and the cover slips are then inverted upon slides for microscopic 
examination. 

When the material examined represents, as often happens, a pure or almost pure cul- 
ture of cholera vibrios, on examining the two drops comparatively, it is seen that in the 
drop representing the normal serum there is a very abundant, actively motile flora, 
while in the other they are immobolized . The operation is rapidly done , not requiring 
in general more than 5 minutes, and the comparative aspect of the two drops is some- 
times very characteristic. By prolonging the examination there may be observed 
in the immune serum drop a genuine agglutination. It is well to know that some- 
times, even in the normal serum, the vibrios present a temporary immobilization. 
When the experiment is made upon material where vibrios are found mixed with an 
abundant and varied microbial flora, it becomes difficult, if not impossible, to count 
upon results of any value. 

Culture in the presence of agglutinating serum. — Bandi has described as a rapid method 
of diagnosis the following procedure: A culture medium is made with a peptone and 
salt solution of 1 per cent to which is added anticholeraic serum in a proportion cor- 
responding to about one-half of its agglutinating power. This medium is distributed 
in quantities of about 5 c. c. in small tubes, terminating at the base in a drawn-out 
point. They are planted on the surface with the material to be examined by means 
of a platinum loop, and put in the incubator at 37° C. If a culture, pure or nearly so, 
of cholera vibrios is under examination, these multiply and form flakes, which little 
by little accumulate in the drawn-out end. In a short time, say 2 to 7 hours, a very 
characteristic agglutinated culture may be thus secured. When dealing with material 
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containing a complex flora, the method may be practiced with the same observations 
as to reliability as the one above. 

Reaction op Ppbippbr.— The reaction of Pfeiffer may be tried in two ways, in 
vivo according to the method of Pfeiffer or in vitro according to the method of Bordct. 

The bacteriolytic power of a serum is denned as that dilution, made in meat bouillon, 
of which 1 c. c, to which is added one loop of an 18-hour old culture on agar, virulent 
and kept for 18 hours in the incubator at 37° C, injected into the peritoneum of a 
guinea pig, brings about in one hour, after a transformation, the dissolution of nearly 
all the vibrios. 

Pfeiffer's method. — It is preferable to employ as immune serum that of the rabbit, 
for the normal serum of other species of laboratory animals (the horse, the ass, the 
goat) is generally more rich in bacteriolytic substances, which, having no specificity, 
might be a source of error. To eliminate moreover as much as possible this latter 
chance it is best to use only serums having a high bacteriolytic power, 1 — 5000 
at least. 

According to Kolle and Gotschlich such serums are easily obtained by injecting at 
once into the peritoneal cavity of a rabbit an entire culture upon an agar tube killed 
by a heating for 1 hour at a temperature of 56° 0. The blood is to be collected 14 
days after, a rabbit giving on an average 40 c. c. of serum. The experiments ought 
to be made on young guinea pigs weighing about 200 grams. In 1 c. c. of a macera 
tion of meat one loopful of the culture to be tried is diluted, the culture being virulent, 
and 18 hours old, cultivated upon agar in the incubator at 37° C. There is then 
added a quantity of anticholeraic serum representing 5 times the dose of the limit 
of agglutinating power (that is to say 1 milligram of serum active at 1 — 5000, and 
this is injected into the peritoneal cavity of a guinea pig (A). 

The injection is made after incision of the skin by means of a needle with a blunted 
point, which easily penetrates the abdominal walls, and which may be plunged 
without danger into the peritoneum. The removal of fluid from the peritoneum, 
with a view to examination, is made at the same point by means of a drawn-out glass 
pipette. 

At the same time as the first guinea pig a second guinea pig is inoculated under 
the same conditions (B) with a loopful of the same culture diluted in 1 c. c. of mace- 
ration of meat, but without serum, and a third guinea pig (C) with a similar dilution, 
to which is added a quantity of normal serum equal to 10 times the quantity of anti- 
choleraic serum given to guinea pi^ (A). 

The extractions of peritoneal fluid ought to be made at the end of 20 minutes and 
1 hour, and these fluids should be examined in hanging drop, with a strong magnifi- 
cation. 

The reaction is positive if at the end of 20 minutes, or of 1 hour at the most, it 
is observed that in the peritoneum of guinea pig (A) the vibrios are dissolved, and 
have undergone the transformation into typical granules, while in the peritoneum of 
guinea pigs B and C the vibrios are found in great number, motile, and their forms 
well preserved. 

In order that the experiment may be profitably made with a given vibrio, it is indis- 
pensable that it should be virulent by intraperitoneal injection for a guinea pig, other- 
wise the transformation into granules and the dissolution are produced equally in the 
control B, and the experiment is deprived of all significance. 

To determine old cases of cholera, the Pfeiffer experiment ought to be made in the 
following manner, in accordance with the terms of the German instructions of March 22, 
1907: 

" Dilutions of the serum of the suspected person are prepared in meat maceration in 
the proportions of 1-20, 1-100, and 1-500, and with 1 c. c. of each of them is mixed a 
looptul of virulent 18-hour-old cultures, and the mixtures are injected into the peri- 
toneal cavities of guinea pigs of about 200 grams weight. A control animal receives in 
the peritoneal cavity a loopful of the same culture, diluted in the same way in a centi- 
meter cube of meat maceration, but without serum. If the reaction is positive at the 
end of 20 to 60 minutes, it must be admitted that the person supplying the serum has 
undergone an attack of cholora." .. 

Method ofBordet. — The execution of the Pfeiffer reaction requires special conditions, 
notably as regards animals, which are not always to be met with, especially in labora- 
tories of exigency, established to meet the demands of epidemics of cholera. Moreover 
the vibrios isolated in suspected cases, all or at least most of them present the degree 
of virulence necessary. For this reason a resort to the technique of Bordet appears to 
be quite frequently indicated. It is applied in the following manner: 

A series of dilutions of the serum is prepared, commencing with a mother dilution 
of 1 to 50. Then there is poured into a series of tubes 5 drops of the guinea-pig 
serum (alexine), 5 drops of a microbial emulsion, made in the proportion of one loop- 
ful of an 18-hour-old culture on agar in 1 c. c. of physiological salt solution, and the 
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number of drops of the mother liquid necessary to obtain the desired dilution, and 
enough of physiological salt solution to make 20 drops. A series of controls is made 
with the same quantities of microbes, alexihe, and normal serum in place of immune 
serum. Crendiropoulo and A. Panayotatou recommend further, in order to avoid 
any doubt in the interpretation of results, the following series of control experiments, 
made by always putting in the same total quantity of fluid the same quantities of 
microbes and — 

(1) In a tube the greatest quantity of the specific serum employed, without alexin. 

(2) In a tube the greatest quantity of normal serum employed, without alexin. 

(3) In a tube the quantity of alexin employed, without serum of any kind. 

(4) In a tube physiologic salt solution alone. 

The dilutions of serum ordinarily employed are 1-100, 1-500, and 1-1000. They 
are all put into the incubator at 37° C. and examined in hanging drop after 3 to 4 
hours. 

After 18 hours in all cases, where cholera microbes are being dealt with, it is seen 
in all the control mixtures without exception that the vibrios exist in abundance 
and living, while in the tubes of specific serum all more or less present only vibrios 
which have very completely undergone transformation. 

(9) 

Practically the investigation of the hemolytic power of vibrios is made on solid 
media, according to the method of Kraus and in liquid media, the culture and the 
blood corpuscles being diluted in physiologic salt solution. 

Method on solid m«efe.— Tubes of agar-agar are liquefied, and their temperature 
allowed to fall to 40° C. There is then added 0.3 to 0.5 cubic centimeter of defibri- 
nated sheep's or goat's blood. A mixture is affected, and poured on to plates, which 
are then inoculated on the surface with the vibrio under investigation. After 24 
hours in the incubator, if the vibrio is hemolytic, colonies are seen surrounded by an 
aureole, more or less extended, contrasting with the dark, opaque color of the rest of 
the plate. 

Kraus recommends to limit one's self to the results obtained in 24 hours. Other 
observers prolong the experiment further, and consider the trial positive only at the 
end of two, four, or even six days. The results are very different, according to the 
method adopted. With the second method many more hemolytic species are found 
than with the first. But it is to be feared that when the plates remain several days in 
the incubator, the alkalinization of the medium by the ammonia produced in the 
culture, may have the effect of itself producing hemolysis. 

Method in liquid media. — An 18-hour-old culture on agar is diluted with 4 to 5 cubic 
centimeters of normal salt solution; one-tenth cubic centimeter of this emulsion is 
added to a large drop of washed red corpuscles or simply a drop of defibrinated blood. 
The blood of the rabbit, the ox, the sheep, or the guinea pig is indifferently used. 

The reaction may be carried on at the temperature of the room or in the incubator, but 
the results are not always the same in the two cases. When the experiment is made at 
room temperature, as a general rule the hemolysis is manifest in 12 to 18 hours. Some- 
times it is delayed and appears more slowly; but there is no advantage in prolonging 
the observation beyond 48 hours. 

(10) 

The serum of an animal suitably immunized against a microbe exercises upon 
this microbe a bacteriolytic power. In the same way the serum of an animal into 
which have been injected red blood corpuscles taken from a different species acquires 
the power of producing a dissolution of these corpuscles. The bacteriolytic, as well 
as the hemolytic action of these two substances, one of which, the alexin or comple- 
ment (which is completely destroyed by a heating of 56° C. for one-half hour), is 
common to all serums, while the other, the sensitizer or antibody (which is not de- 
stroyed by a temperature of 56° C. for a half hour) is specific and only appears in a 
serum as the result of appropriate treatment by the microbes or the red cells. 

Microbes or blood cells suspended in liquid which contains their specific antibody, fix 
it, and remove it from the liquid. Thus sensitized, they have acquired the power of 
being acted upon by the alexin. This action of the former is shown in the case of the 
red cells by their solution and the setting free of their hematin, which colors the liquid 
red, thus rendering the observation of the phenomenon easy. 

When a suitable quantity of sensitized microbes are diluted in a solution of alexin, 
the active substance is fixed by them, and the addition of sensitized blood cells gives 
rise to no hemolysis. It may, therefore, be tested whether a given vibrio presents 
the properties of an antigen in the presence of the antibody contained in a cholera 
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serum.prepared by starting with a cholera vibrio. It is sufficient to try if this vibrio 
treated by a serum (previously heated for a half hour to 56° 0. in order to destroy the 
alexin} is capable of fixing the alexin — that is to say, of preventing the haemolysis of 
sensibilized red cells. The reaction may be tried according to the original method of 
Bordet. Serums without alexins are prepared by heating them for a half hour at 56° 
C; on the one hand, an immune serum; on the other, fresh, normal serum of the same 
species; for example, the serum of the horse or the rabbit. It is well to employ an 
immune serum of high titre, say, 1-4,000 or more. There is employed as alexin, fresh 
serum of the rabbit or guinea pig; as the microbial emulsion, that obtained by diluting 
an entire -agar culture, 18 hours old, in 2 c. c. of physiologic salt solution; as the 
hemolytic medium, a mixture of one volume of the red cells of the sheep (washed) 
and two volumes of rabbit antisheep serum (the serum of a rabbit treated by injections 
into the peritoneum ot the defribrinated blood or red corpuscles of a sheep) heated for 
one-half hour at 56° C. Each test consists in making use of the following mixtures: 
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These are kept for four to five hours at laboratory temperature, shaking from time 
to time, then there is added to Tubes I and II, one drop of the dilution of red cells 
in heated specific serum; Tube III, one drop of the dilution of red cells in physiologic 
salt solution. 

The tubes are examined after three hours' stay at ordinary temperatures. If there 
is a deviation of complement, there is observed in Tube I, no hemolysis; Tube II, 
hemolysis; Tube III, no hemolysis. 

AVhen the microbe submitted to experiment is in itself hemolytic, the hemolysis 
appears in Tubes I and II, but more slowly, in 12 to 18 hours, so that it does not 
interfere with the execution of the experiment. The statements given relative tc- 
the quantity of alexin, of serum, etc., to be used should only be taken as a general 
indication. All fresh serums have not the same richness in alexin; nor all agar cul- 
tures the same richness in vibrios, so that in order that the fixation of the alexin 
may be complete, it is necessary that there should be a certain relation between the 
quantity of the former and the quantity of sensitized cells. Such an experiment, 
made with a certain quantity of alexin, might lead to the consideration as hemolytic 
any vibrio giving a positive reaction, while another made with a stronger dose might 
lead to a contrary conclusion. Neither is the richness of the hemolytic serum in 
antibody to be neglected. 

In order to avoid as much as possible the sources of error, it would be well to deter- 
mine the quantities of the various elements which give a clear phenomenon, by mak- 
ing a preliminary experiment with a cholera vibrio, and then to proceed to compari- 
sons. In any event it is well to only consider as comparable such experiments as are 
made under rigorously identical conditions. Besche and Kohn recommend the em- 
ployment for fixing the alexin, not the microbial body, but an extract prepared 
by commencing with a culture of vibrios in a Kolle flask, grown for 18 hours and 
emulsified in 15 c. c. of distilled water, heated for an hour to 60° C., shaking for a 
day at room temperature, and then centrifuging. In current practice, in order to- 
obtain a result in three to four hours it may be sufficient to use in place of a micro- 
bial extract, an emulsion of one loopful of an agar culture in 2 c. c. of physiologic 
salt solution, heated for one hour at 60° C. 



